Abstract. The mechanical and rheological behavior of asphalt cement depends to a great extent on structural elements and phenomena which are effective on a micro-and Nano-scale. In this work, efforts have been made to digest asphalt cement with two types of Nano materials, and study the possibilities of improving mechanical, rheological, and physical properties of this important group of composite construction materials. The investigated materials are Silica fumes and fly ash. A comprehensive testing program has been set to study the possibility of digesting penetration grades asphalt cement (40-50), obtained from Dorah refinery-Baghdad, with different percentages of such materials. The impact has been measured through monitoring the changes in penetration, softening point, ductility, and rheological characteristics.
INTRODUCTION
The investigation of filler on a phenomenological basis has been a focus of researchers for many years; however, the influence and mechanisms of fine filler particles on the material behavior of asphalt are still not well understood and further research on a microand Nano-scale needs to be conducted.
Research work should deal with the improvement of asphalt cement by adding organic or inorganic Nano-filler and explain how should this Nano-filler be produced, processed and tested. The best methods to determine the particle size distribution below (1000 nm) should also be verified. It is well known that the influence of filler particles on the binder increases with decreasing size of the filler particles. However, only rough instructions are given on the dosage such as the acceptable content of filler. Such dosage concerns mainly on overall gradation of asphalt concrete mixture.
Nano material should improve long-term performance and functional properties of the materials in a significant way without reducing the clear advantages of existing asphalt pavement materials (Wang and Qiang, 2008) , which are generally recyclable and easy to repair. This is considered a very positive factor in terms of sustainability. Since the thickness of binder films between the mineral particles in a pavement is mostly in the order of a micrometer or even below, one could think of measuring properties of mixes of fillers and binders (Partl et al., 2003; You et al., 2011) . They should also fulfill ecological requirements such as low energy consumption and environmental compatibility.
The behavior of these materials deviates fundamentally from pure binders, and can be seen as the first step from the pure binder towards the composite material asphalt.
BACK GROUND
Mega quantities of asphalt material are required to spread over many thousands of kilometers all over the continents, it should always be kept in mind that Nano-particles for pavement materials must be nonhazardous, low-cost products, which are easy to handle and available in high quantities at almost any place in the world (You et al., 2011) . Surface to volume ratio of Nano materials is one of the important properties of materials produced at the Nano scale. At this scale the behavior of bulk material behavior is dominant (Ghasemi et al., 2010; Parviz, 2011) . The influence of the particle size distribution of fillers is given only little attention, in common practice, so far, in spite of the fact that there are considerable differences in the particle size distribution of different fillers (Partl et al., 2003) .
Nano-Filler particles are particles smaller than (0.09mm).With simple methods, like sedimentation or washing method, the grain distribution of filler between 1μm up to (0.09 mm) can be determined on a routine basis but are not commonly used in asphalt technology (Livingston, 2007; Grove, 2007 ) . Figure 1 demonstrates the usage of various sizes of materials in concrete construction (Grove, 2007) . 
MATERIALS PROPERTIES

Asphalt cement
Penetration grade asphalt cement (40-50), obtained from Dorah refinery, Baghdad, has been implemented in this investigation, Table 1 illustrates the measured physical properties of asphalt cement.
Nano materials
Two types of Nano materials have been introduced for this investigation, their properties are explained below.
Fly ash
Fly ash was obtained from local market, it was sieved, and the portion passing sieve No. 200 (0.075 micron) was implemented in this investigation. Table 2 shows its physical properties. 
EXPERIMENTAL PROGRAM
Asphalt cement was heated to (160 ˚C) in an automatic controlled oven, and then transferred to aluminum cans of (50 grams) capacity. The required amount of Nano material was introduced gradually with continuous mechanical stirring. The stirring process was continued inside the oven for (60 minutes) at the same mixing temperature of (160 ±2 ˚C) to insure homogeneity of the mix. The selection of mixing time and temperature was based on many trials to insure proper distribution of Nano material inside the asphalt cement, and to prevent the possibility of any agglomeration. The produced modified asphalt cement was poured inside the testing molds for further testing. The determination of physical properties such as penetration, softening point and ductility were in according to the prescribed procedures of ASTM. Four different percentages of Nano materials have been introduced. For fly ash, the percentage starts with (3%) with constant increments of (3%), While for Silica fumes, the percentages starts with (1%) with constant increments of (1%). Table 5 illustrates the impact of digesting asphalt cement with Nano materials on physical and rheological characteristics of the produced mastic asphalt.
RESULTS AND DISCUSSIONS
The values of penetration index listed in table 5 indicate that all of the percentages of Nano materials implemented have lower impact on temperature susceptibility. Digestions of asphalt cement with both types of Nano material types have changed the penetration index from negative to positive values.
Silica fumes exhibit minor effect on temperature susceptibility when compared to Fly ash.
The Stiffness Modules which is defined as the ratio of stress to strain was obtained from shell Nomo graph at (T R&B 75°C), and temperature of asphalt at (25°C) with a loading frequency of (10 Hz). The Nano materials have exhibited reductions in the Stiffness Modulus for all of the percentages adopted.
As far as Viscosity is concerned, the modified asphalt system is showing a sharp dropping in viscosity as the percentage of Fly Ash increases. On the other hand, the viscosity increases as the Silica fumes percentage increases.
Such changes in viscosity is hard to explain by classical models but could be explained by a model on a micro-and Nanoscale. One could imagine that a rearrangement of the particles in such mixes could take place by producing larger gaps (by making others smaller).
In the asphalt industry, Silica has one of the most important roles in the adhesion and could act as barrier materials; this may explain the increase in the viscosity in case of Silica fumes. Similar behavior of Nano materials with high performance asphalt plays was sited in (Parviz, 2011) . The high silica content for Nano materials and high surface area may explain the rise of softening point. It also could explain the higher stiffness modulus when using silica fumes as compared to fly ash.
Silica fumes show negative impact on consistency of modified asphalt cement as measured by penetration test. It reduces the penetration as the percentage of Silica fumes increases. This could be attributed to the high surface area of 20000 m 2 /kg ; which altered to a rough and more reactive product for this technique.
The effect of Fly ash on binder consistency was positive; this may be related to the unique properties of fly ash such as particle shape, hardness, smooth, glassy and inert surface of the fly ash, and also to the lower surface area of 650 m 2 /kg ; similar conclusions were obtained by (Arulraj and Carmichael, 2011) . 
CONCLUSIONS
Based on the limited testing program, the following conclusions may be drawn: 1-Nano materials have positive effect on asphalt cement by reducing its temperature susceptibility as measured by penetration index.
2-Nano materials have variable effect on the viscosity of the binder, silica fumes increases the viscosity, while fly ash reduces the values.
3-Silica fumes increases the softening point of the binder significantly, while fly ash increases it marginally.
4-The digestion of asphalt cement with Nano materials reduces the stiffness modulus, higher percentages of fly ash shows high reduction in the modulus, while silica fumes exhibit lower reduction in the stiffness modulus.
